Introduction. Structural variation is used to modify HOMO-LUMO energies, band gaps, solid-state packing, and numerous other structure-related properties in optoelectronic chromophores. 1, 2, 3, 4 To this end, the stepwise assembly of pentacenes has afforded structures with unusual and potentially useful structures. 5, 6, 7, 8 The functionalization of pentacene is typically achieved via two general approaches, placement of desired groups at the pro-cata positions (particularly the 2,3,9,10-positions, blue spheres in Figure 1 ) or at the peripositions (particularly the 6,13-positions, red spheres in Figure 1 ). For example, pro-cata functionalization can be achieved with alkoxy, 9 alkyl, 10 alkynyl, 11 aryl, 12 carboxyl, 10a-b, 13 silyl, 14 halo, 15 and cyano 16 groups. Functionalization of the 6,13-positions have been realized with alkyl, 17 silylethynyl, 18 aryl, 19 arylethynyl, 20 thioalkyl, 21 cyano, 22 trifluoromethyl, 23 and
Pt-acetylide 24 groups, commonly via a 6,13-pentacenequinone precursor. The fusion of quinone, 25 imide, 26 or arene 27 moieties to pentacene or the incorporation of heteroatoms into the chromophore can also be accomplished. 28 These various substituents and substitution patterns can affect a wide range of properties including HOMO-LUMO energies, optical absorption/emission properties, solid-state packing, charge transport characteristics, and photostability. 1,2,19b,29 Figure 1. Summary of common pentacene functionalization patterns: (a) Blue spheres illustrate the 2,3,9,10-positions (pro-cata positions) and (b) red spheres illustrate the 6,13-positions (peri-positions).
The formation of pentacenes with unsymmetrical 6,13-substitution can provide polarized D r a f t 3 pentacenes with weak donor and acceptor substituents (e.g., 1d,e Scheme 1). 30 , 31 Unfortunately, the synthetic protocol used in these cases, nucleophilic addition to pentacene quinone, does not tolerate strong electron-donating or -withdrawing groups such as the aniline and nitrophenyl moieties. 30, 32 This problem has now been solved through derivatization of the protected precursors 2a and 2b via palladium catalyzed Sonogashira cross-coupling reactions with aryl iodides. It should be emphasized that intermediates 2a,b
and related structures provide powerful building blocks for a wide range of crosscoupling, 7, 33 cycloaddition, 34 and coordination 35 reactions as recently demonstrated in the synthesis of oligomeric pentacenes and inorganic complexes with functionalized pentacenes.
Scheme 1. Synthesis of 4a-e and 1a-c (this work) and structures of 1d,e (from ref. 30).
Synthesis of donor/acceptor pentacenes. The reaction of 2a,b 7 with iodoaryl derivatives 3a-c afforded 4a-d. Aniline derivative 4a partially decomposed during chromatographic purification on silica gel, leading to a low isolated yield. Dimethylaniline substituted 4b was likewise unstable on silica gel, but could be isolated pure and in high yield via recrystallization (see SI for details). Nitrobenzene derivative 4c was, on the other hand, D r a f t 4 stable to purification via column chromatography. Sn II -mediated reductive aromatization of 4a-c provided 1a-c (a shorter reaction time was used for the synthesis of 1c to minimize the reduction of the nitro group).
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Scheme 2. Synthesis of donor-acceptor pentacene 6a and structure of diphenyl derivative 6b (see SI for the synthesis of 6b).
A push-pull pentacene was then targeted. This began with the conversion of 4d to 4e via reaction with TBAF at low temperature to avoid products resulting from fluorodenitration (Scheme 1). 37 A Sonogashira reaction of 4e with 3a then installed the dialkylaniline group, affording 5 (Scheme 2). Compound 5 was also unstable to purification on silica gel. Thus, after aqueous workup, the crude product was aromatized without prior chromatographic purification to provide donor-acceptor pentacene 6a, which could be isolated pure in 62% yield via column chromatography and crystallization.
Characterization of donor/acceptor pentacenes. UV-vis spectroscopy in CH 2 Cl 2 reveals λ max is moderately influenced by substitution changes in compounds 1a-e and 6a (Figures 2 and   3 ). 38 Parent compound 1e (R = H) has λ max = 652 nm, and this absorption is red-shifted via incorporation of increasingly electron donating groups to 655 nm (1d, R = OMe), 668 nm (1b, R = NMe 2 ), and 674 nm (1a, R = Nn-Hex 2 ). Appending a nitroaryl group gives λ max = 666 nm for 1c, nearly equal to that of donor substituted 1b. The most strongly polarized pentacene derivative D r a f t 6a (density functional calculations predict a dipole moment of 13.7 Debye, see SI for details)
shows the lowest energy λ max at 689 nm, noticeably red-shifted versus the parent chromophore 6b 20a,39 (λ max 660 nm) as well as derivatives 1a-d. The red-shift for 6a is most dramatic in the solid state (see Figure S5 ), where the UV-vis spectrum of a thin film shows λ max = 823 nm, shifted by 134 nm to lower energy than that in solution. Donor/acceptor pentacenes 1a-c and 6a
show no significant emission in CH 2 Cl 2 .
Figure 2. UV-vis absorption spectra of 1a-e in CH 2 Cl 2 ; inset expansion of low-energy region of UV-vis absorption spectra. D r a f t Figure 3 . UV-vis absorption spectra of 6a,b in CH 2 Cl 2 ; inset expansion of low-energy region of UV-vis absorption spectra. Cyclic voltammetry (CV) has been used as a complementary method to UV-vis spectroscopy to examine the electronic make up of donor/acceptor pentacenes (Table 1) . 41 The presence of the electron-donating aniline groups significantly raises the energy of the HOMO, as observed by lower oxidation potentials for 1a and 1b (E ox = 0.16 and 0.18 V, respectively) relative to parent compound 1e (E ox = 0.39 V). Reduction of nitro derivative 1c, on the other hand, is observed at a lower potential (-1.33 V) than 1e (E red -1.44 V) and correlating with a lower LUMO level. For donor-acceptor 6a, E ox1 = 0.18 V is nearly identical to 1a and 1b, while E red1 = -1.34 V is analogous to that of 1c, showing that the aniline and nitro groups dictate the initial redox events of 6a. X-ray crystallographic structures of compound 1b and 6a are shown in Figure   S2 ). The nitroaryl group and the pentacene moiety show a 14.6° dihedral angle, while the dihedral angle between the aniline and the pentacene moieties is -27.6° (in the opposite direction Figure 6 , and the Supporting Information for results related to 1b). To reduce the computational cost, the triisopropylsilyl group in 1d (and its related structures) was replaced with a trimethylsilyl group (e.g., 1d'). Experimentally, dehydropentacene 4b reacts cleanly with TCNE to provide an intensely red coloured product. While mass spectral analysis was consistent with formation of the expected product 14b, 1 H and 13 C NMR spectra of the product clearly shows two nonequivalent naphthyl moieties. 39 This suggested that either an alternative product had formed, or that there is restricted or slow rotation on the NMR timescale with regard to the position of the aniline group relative to the two naphthyl moieties. Indeed, the later premise is supported by X-ray crystallography (Figure 8 ), which provided unambiguous proof of the structure of the isolated product and shows the aniline group located above one of the naphthyl moieties with contacts as short as 3.0-3.4 Å (carbons of aniline ring to plane of naphthyl ring). Unfortunately, attempted conversion of 14b to 23b under typical aromatization conditions using SnCl 2 •2H 2 O (with and without H 2 SO 4 ), was not successful and attempts with forcing conditions (reflux) resulted in decomposition.
D r a f t
Scheme 4. Attempted synthesis of 23b from compound 14b. Figure 8 . ORTEP representation of the X-ray crystallographic structure of 14b. Hydrogen atom not shown, and non-hydrogen atoms are represented by Gaussian ellipsoids at the 50% probability level.
In summary, we have developed synthetic methodology that allows for appending strong electron-donating and -withdrawing groups on the pentacene framework and extension of this method to form a "push-pull" pentacene. 4, 133.0, 132.2, 131.9, 130.8, 129.8, 128.7, 128.6, 126.3, 126.2, 125.8, 125.6, 119.5, 116.7, 111.9, 110.3, 106.8, 106.2, 105.1, 86.6, 40.2, 19.0, 11.7. 13 6, 132.1, 131.9, 131.7, 130.1, 130.0, 129.8, 128.5, 128.3, 126.4, 126.1, 125.9, 125.0, 123.5, 119.6, 115.9, 107.8, 104.6, 101.9, 92.9, 19.0, 11.7. 13 δ 147. 5, 137.5, 113.9, 75.3, 50.9, 31.7, 27.0, 26.7, 22.6, 14.0. 13 Compound 3b. 52 4-Iodo-N,N-dimethylaniline was synthesized analogously to 3a (vide supra).
Spectroscopic data of 3b was in agreement with that reported.
52b,d
Compound 4a 
13
C NMR (125 MHz, CDCl 3 ): δ 147. 8, 134.8, 133.5, 133.4, 132.9, 132.8, 128.2, 128.0, 126.9, 126.6, 126.4, 110.9, 108.3, 106.3, 90.8, 88.6, 88.1, 75.7, 74.1, 52.1, 51.9, 50.9, 31.6, 27.1, 26.7, 22.6, 18.7, 14.0, 11.4 (one signal coincident or not observed). 8.50 (s, 2H), 2H), 2H), 4H), 7.22 (d, J = 9.1 Hz, 2H), 6.50 (d, J = 9.1 Hz, 2H), 3.09 (s, 3H) , 3.04 (s, 3H), 2.89 (s, 6H), 1.27-1.17 (m, 21H) . 13 C NMR (125 MHz, CDCl 3 ): δ 150. 9, 134.7, 133.5, 133.3, 132.8, 128.21, 128.16, 128.1, 126.9, 126.7, 126.5, 111.5, 109.8, 106.0, 91.3, 89.1, 87.6, 75.9, 73.9, 52.1, 51.9, 40.1, 18.8, 11.4 6, 133.4, 133.0, 132.8, 132.3, 129.8, 128.5, 128.3, 128.1, 127.1, 126.92, 126.85, 123.2, 104.3, 97.2, 93.0, 83.5, 76.5, 73.3, 52.2, 51.9, 18.8, 11.4 . 6, 133.4, 133.0, 132.8, 132.3, 129.8, 128.5, 128.2, 128.1, 127.1, 127.0, 123.3, 104.4, 97.2, 95.5, 83.5, 76.3, 73.3, 52.2, 52.0, 26.5, 25.3, 25. 0, 132.7, 132.4, 129.5, 128.3, 128.1, 128.0, 127.3, 127.1, 127.0, 123.4, 96.2, 84.6, 82.4, 78. 6, 133.3, 132.1, 131.8, 131.6, 130.7, 130.1, 129.2, 128.6, 128.4, 126.5, 125.9, 125.5, 125.1, 123.7, 121.3, 113.9, 111.4, 108.9, 108.3, 101.8, 94.0, 86.8, 51.1, 31.8, 27.3, 26.9, 22. δ 160. 8, 133.8, 133.70, 133.67, 132.9, 132.9, 131.9, 130.5, 130.4, 130.3, 129.6, 129.5, 128.5, 127.19, 127.16, 127.14, 127.03, 126.99, 120.9, 119.9, 114.5, 114.1, 110.9, 110.8, 110.4, 110.2, 106.0, 102.9, 100.5, 82.1, 55.5, 51.9, 51.7, 45.8, 45.7, 18.9, 11.4 162.4, 152.2, 133.8, 133.5, 133.1, 132.9, 132.6, 132.0, 130.6, 130.4, 130.3, 130.0, 128.5, 128.2, 128.1, 128.0, 127.8, 127.7, 127.2, 127.1, 126.8, 118.6, 113.9, 113.0, 112.3, 110.5, 104.6, 93.4, 82.4, 75.4, 52.3, 51.5, 39.5, 18.7, 11.4 
